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Abstract: We used two Envisat images from ESA to reveal the co-seismic deformation field caused by the 
Mw7. 1 earthquake in eastern Turkey on Oct. 23, 2011, and a linear elastic dislocation model in half space to 
estimate the corresponding fault geometry, location, and displacement. The result indicates that the earth-
quake is caused maiuly by a buried thrust and left-lateral strike faulting with an average slip of 1. 456 m on a 
fault plane of 30 km x 25 km at a depth of 18. 4 km. 
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1 Introduction 
InSAR images observed before and after an earthquake 
have been used in interferometry to derive the co-seis-
mic deformation field[I-l], which, in turn, has been 
inversed to estimate the focal mechanism of the earth-
k [4-6] quae . 
Turkey is a tectonically active country that has expe-
rienced many destructive earthquakes, including the 
Mw7. 1 earthquake in eastern Turkey on Oct. 23, 
2011. On a broad scale, the seismotectonics of the re-
gion near the earthquake are dominated by the Bitlis-
Zagros fold and thrust belt as a result of the collision 
between the Arabian plate and the Eurasian plates with 
a shorting rate of 23 ± 1 mm/ a, according to GPS sur-
veys['!. In the middle and western parts of Turkey, 
however, earthquakes have occurred maiuly along the 
Anatolian strike-slip fault , which shows a slip rate of 
24 ± 1 mrnl a [SJ. In this stndy, we obtained near-field 
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co-seismic deformation for the 2011 earthquake from 
interfereogram between two images observed by Envisat 
satellite before and after the earthquake , and then ob-
tained the focal mechanism of the earthquake by inver-
sion. 
2 Data Processing 
The two C-band SAR images used for the present study 
were captnred on Nov. 5, 2010 and Oct. 31, 2011 by 
ASAR observation in 16 mode and HH polarization 
(Tab. 1) . For the post-seismic image, we used a pre-
liminary orbit, because the precise orbit was not yet re-
leased[']. Between the images, the perpendicular base-
line changed from -57. 96 m to 42. 71 m, possibly 
due to an orbital variation of the Envisat-1 satellite be-
cause of insufficient fuel supply[ 101 • 
We used the ROI_PAC_3_0_1 software[lll to 
process the raw data to SLC ( Single Look Complex ) 
data, and processed the SLC images into 4-look ima-
ges ; we then filtered the interfereogram by weighted 
power-spectrum method. The SRTM ( Shuttle Radar 
Topography Mission) DEM with a resolution of 3 s 
( about 90 m ) was used to subtract the topographic 
effect['- 61 • For phase unwrapping, we used MCF 
method of Stanford University' s statistics cost-network-
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flow algorithm program SNAPHU[IZJ. After perpendic-
ular-baseline re-estimation, we obtained the interfereo-
gram for the eastern area of the epicenter (Figs. 1 (a) 
and 2). 
The interferogram ( Fig. 1 ( a) ) shows a good coher-
ence of the coverage area, although not a complete ring 
on either side of the fault, indicating that the SAR im-
age did not cover the maximum-displacement area. The 
upper left ring ( hanging wall) , where fringes are in-
tensive, shows a significant surface uplift, with a maxi-
mum displacement of 0. 38 m in LOS located at 
38. 704°N and 43.481 °E. The lower right ring (foot 
wall) shows a slight ground subsidence, with a maxi-
mum displacement of - 0. 07 m in LOS located at 
38. 526°N and 43. 456°E. The maximum relative dis-
placement in LOS within the interferogram is 0. 45 m. 
Figure 2 ( b) shows two observed and simulated profile 
lines of the LOS displacement: AA' from the maxi-
mum displacement point to the northwest, whereas 
BE ' alongside the azimuth direction from NE to SW; 
the latter shows no surface rupture in co-seismic de-
formation across the fault[ 9 J. Figure 2 gives a 3D view 
of co-seismic deformation field , which shows more 
vividly a significant uplift and a slight subsidence with 
no rupture at the surface. 
3 Inversion of the co-seismic de-
formation field and discussion 
We used Okada' s elastic homogeneous dislocation 
model with a single fault plane in half space to simu-
late the co-seismic displacement field. We estimate 9 
parameters related to the fault, including epicenter lo-
cation, depth, strike angle, dip angle, slip angle, 
length and width of the fault plane , and average 
slip [ 4 l . In accordance with the previously published 
Harvard GCMT and USGS models, we assumed this 
earthquake to be mainly the result of a thrust faulting; 
we then used the RNGCHN software[ 13 J to adjust the 
parameters of the fault plane to fit the interferogram 
and get an optimum fault plane as follows : 
1 ) We considered the zero line between the uplift 
Table 1 Information of SAR images 
Date Track 
2010-11-05-2011-10-31 121 (Descending) 
Topo of Eastern Turkey 
(a) Co-seismic interferogram, each fringe of red, 
green, and blue stands for a displacement of2.8 em 
of LOS (Line of sight) 
Orbit number Perpendicular baseline Interval (m) (Day) 
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(b) Observed displacement (red line) and simulated displac-
ement (blue line) along profileAA' and BB'. Positive means 
movements towards the satellite and negative away from the 
satellite. Shades of gray indicate the terrain elevation 
Figure 1 Co-seismic deformation in LOS 
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Figure 2 Co-seismic displacement (em) field in 3D, with axis Z in LOS 
and subsidence areas as the strike angle ; 
2) In accordance with the focal mechanism solution 
by GCMT and USGS and the interferogram, we attribu-
ted the earthquake to a fault thrusting with the hanging 
wall in the northwest and the foot wall in the southeast ; 
3 ) By adjusting the location, length, width, strike 
dip, slip angle, and slip distance , we found the model 
that best fitted the interferogram. 
With only one interferogram , which had only LOS 
displacement and did not cover the whole near-field ar-
ea , to inverse the source parameters , we used a simple 
model of a single fault plane in half space. The result 
did not fit the surface displacement perfectly, but indi-
cated a moment of 3. 60 X 1019 N • m and a moment 
magnitude of 6. 98 , in agreement with magnitudes giv-
en by USGS and GCMT( Tab. 2). 
The result also indicated an epicenter at 38. 8172°N 
and 43. 3279°E, a depth of 18. 4 km, a thrust and 
left-lateral faulting, an average slip of 1. 456 m on a 
30 km x 25 km fault plane, a strike of S240°W, a dip 
of 50° to NW, and a slip angle of74° ,a thrust compo-
nent of 1. 4 m, and a left-lateral component of 0. 4 m. 
Based on the location and the focal mechanism, we at-
tribute this earthquake to the collision of the Arabian 
plate and Eurasian plate. 
Our result fits the observed interferogram quite well, 
as indicated by the lack of obvious fringes in the resid-
ual ( Fig. 3 ( b) ) and the small difference between the 
red and blue lines in figure 1 ( b) . The overall residuals 
are between - 4 em and 5 em , with a RMS value of 
2. 18 em. We attribute the residual to the following 
causes: 
1 ) Our model of a single fault plane in half space is 
too simple. 
2) The observed interferogram includes not only the 
co-seismic deformation but also the phase caused by 
the DEM errors resulted from varied perpendicular 
baseline, troposphere delay, ionosphere delay , and or-
bit change[141 • In our inversion, we used the prelimi-
nary orbit[9 l for the aftershocks. When ESA released a 
precise orbit later, we obtained another inerferegram , 
which showed no significant difference. 
Table 2 Comparison between ditTerent focal mechanism solutions of the eastern Turkey earthquake 
Model Epicenter Depth Strike Dip Slip Moment tensor Slip distance Width Length ( Lon. , Lat. ) (km) ( 0) (0) (0) (N·m) (m) ( km) ( km) 
USGS 43.446, 38. 710 16 272 19 101 9.9x1019 N/ A N/ A N/ A 
GCMT 43.42, 38.67 15.4 248 36 60 6.4 X 1019 N/ A N/ A N/ A 
InSAR 43.3279, 38.8172 18.4 240 50 74 3.6x1019 1.456 25 30 
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(a) Simulated interferegram (b) The residual. The white rectangle shows the surface projection 
of the fault plane, the beach balls show the different focal 
mechanisms by different agencies, including ours 
Figure 3 Simulated interferogram 
3) The terrain may have affected the interlerogram 
for atmosphere delay can fluctuate with height [ 131 • In 
this case , there is an elevation difference of about 
1000 m within the study area (Fig. 1 (b) ) . 
4) Our interlerogram contains co-seismic deforma-
tions of many aftershocks , but the focal mechanisms of 
USGS and GCMT do not. 
5 ) The SAR image used in this study did not cover 
the whole area of the earthquake, thus the estimated 
rupture length cannot be very accurate. However, de-
spite of these effects , the intereferogram so obtained 
still shows the basic features of the focal mechanism of 
the earthquake. 
4 Conclusion 
We obtained co-seismic deformation field in LOS of the 
2011 Mw7. 1 earthquake in eastern Turkey by using 
two C-hand SAR images released by ESA shortly after 
the earthquake by the D-InSAR method. Under the 
constraint that the SAR image did not cover the whole 
near-field area, we simulated the co-seismic deforma-
tion field in LOS and inversed the focal-mechanism so-
lution for the earthquake. The earthquake was genera-
ted mainly by a thrust and left-lateral strike faulting 
with an average slip of 1. 456 m on a fault plane of 
30 km X 25 km at a depth of 18. 4 km; the epicenter 
was located at 43. 3279°E and 38. 8172°N in the Bitl-
is-Zagros fold and thrust belt within the collision zone 
between the Arabian and Eurasia plates. 
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